(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
S December 2002 (05.12.2002) 




PCT 



1 QUI lOIlK! H Illlil Ilin Dll 1 B Di 1101 IIHI IIR1 IIIII DS III! IIIUI (111 HI II 

(10) International Publication Number 

WO 02/096630 Al 



(51) International Patent Classification 7 : 
30/10 



B29D 30/00, 



(21) International Application Number: PCT/EP02/05744 

(22) International Filing Date: 24 May 2002 (24.05.2002) 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 
0111311X5 
60/296,161 



English 
English 



29 May 2001 (29.05.2001) EP 
7 June 2001 (07.06.2001) US 



(71) Applicant (for all designated States except US): PIRELLI 
PNEUMATICI S.P.A. [IT/IT]; Viale Sarca, 222, 1-20126 
Milano (IT). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CARETTA, Renato 
[IT/IT]; Viale dei Tigli, 16, 1-21013 Gallarate (IT). GAL- 
IMBERTI, Maurizto [IT/IT]; Via Pannonia, 6, 1-20133 
Milano (IT). AMURRI, Cesare [IT/IT]; Via Leonardo 



da Vinci, 44, 1-20099 Sesto San -Giovanni (IT). PUPPI, 
Cristiano [IT/IT]; Via Bellini, 28, 1-22028 <5uanzate 
(IT). DUCOLI, Giuseppe [IT/ITJ; Via Ponchiroli, 10, 
1-21053 Castellanza (IT). ALB1ZZATI, Enrico [IT/IT]; 
Via Trieste, 2, 1-28040 Lesa (IT). 

(74) Agents: GIANNESI, Pier, Giovanni et ah; Pirelli S.p.A., 
Viale Sarca, 222, 1-20126 Milano <IT). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, B£, CA,CH,CN,CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI,43B,CD,<jE, GH, 
GM, HR, HU, ID, IL, EN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, IJZ, 
VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent <( AT, BE, CH, Of, DE, DK, ES, FI, FR, 
<5B,<5R, EE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, O, CM, GA,*GN,<3Q, GW, ML, MR, 
NE, SN, TD, TG). 

/Continued on next page] 



(54) Title: AUTOMATIC PROCESS AND PLANT FOR TYRE MANUFACTURE 



< 



v© 




21 (57) Abstract: System for producing models of tyres which are different from each other, comprising: - a building unit \2) com- 
prising a plurality of operating stations (5, 6, 7, 8, 9), each designed to assemble at least one corresponding structural component on 
at least one model of tyre being produced; - a vulcanizing unit (3), having vulcanizing moulds .(24, 25, 26, 27, 28, 29) for the built 
£^ tyres; - a unit for producing a plurality of mixtures, comprising at least one extruder unit, which continuously supplies at least one 
^* of the said operating stations with at least one mixture suitable for making the said at least one structural component 



O 



» 



WO 02/096630 Al 





I 




Published: 

— with international search report 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



BNSOOCIO: <WO 02096830* 1_l_> 



WO 02/096630 



PCT/EP02/05744 



AUTOMATIC PROCESS AND PLANT FOR TYRE MANUFACTURE 

DESCRIPTION 



5 The present invention relates to a process and a 

system for producing different models of tyres 
simultaneously. In particular, the present invention 
relates to a system -comprising a plurality of 
operating units for building the green tyre, supplied 

10 continuously with the mixtures required for making the 
structural components for building the tyre. 

Patent EP 922561 describes a system for producing 
tyres, comprising a building line for making green 
tyres and a vulcanizing station comprising at least 

15 one vulcanizing unit fitted with a plurality of 
vulcanizing moulds in which the green tyres are 
vulcanized. The number of vulcanizing moulds is 
selected in such a way that the capacity of the 
building line to produce green tyres is -satisfied. The 

20 system can minimize the storage of green tyres with 
different characteristics which sure produced 
alternately . 

The applicant has considered the problem of 
supplying the necessary mixtures to a system for 

25 producing different models of tyres simultaneously, 
which requires the use of a plurality of different 

I mixtures within a single operating cycle. In 
particular, the applicant has considered the problem 
of supplying this system in such a way as to minimize 

30 the waste of mixture and to eliminate the stages of 
storing mixture in the system before the mixture is 
used for building tyres in subsequent operating 
cycles . 

In this respect, the applicant has observed that 
35 in such a system, where different models of tyres are 
built within a single operating cycle, it is necessary 
to produce the various types of mixture in small 
quantities within each unit of time. In spite of thi«, 
the total volume of the different mixtures to be 
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35 



produced is generally high, 
automatic -systems intended 
( for producing thousands 
example) . 
•The 



in the case of 

ion 



satisfied by the processes conventionally used in the 
rubber industry, in other, words the discontinuous 
processes, known as *batch" processes , in which the 
various components of the mixture are incorporated and 
dispersed in the elastomer ic material in internal 

usually Banbury mixers, which, in order to 



for each charge, and complex operating cycles 
15 comprising a plurality of operations of incorporation 

and mixing of the ingredients, followed by 

cooling and storage. 

The applicant has found that, in an 

system for producing tyres of different 
20 which each tyre produced is made in a 



unit 

advantageously supplied continuously by means 
least one extruder unit. Each operating unit 
a structural component, made from a predeterm 
and quantity of mixture, on a toroidal support which 

the internal shape of a 



structural component is formed in the operating unit 

to 



, of mechanical 
example , which di f fer 



which has predetermined 
s t r ength and /or f 1 exibi 1 i ty 
from those of another 

The tyre is made by overlapping a plurality of 



the provision of a plurality of predetermined mixtures 
which are different from each 
owing to the necessity of rapidly 
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of tyre to be produced, when required, the mixture 
production unit must have a high degree of 
flexibility. This is because different models of tyres 
are generally made by using different mixtures for the 
5 various components, or may even require the 
introduction of new structural components of the tyre. 

In other words, making a tyre in such a system 
requires the production of a plurality of different 
mixtures in a mixture production unit, on the basis of 

10 a plurality of predetermined recipes. Furthermore, the 
change of production from one predetermined mixture to 
one with different characteristics must be carried out 
swiftly and essentially without any waste of mixture. 

According to the present invention, within one 

15 operating cycle the mixture production unit 
continuously supplies the tyre building system with a 
quantity of mixture which is essentially equal to the 
quantity of mixture required by the operating cycle in 
question: this makes it unnecessary to store the 

20 produced mixture, and minimizes wastage. 

On the other hand, supplying mixtures 
discontinuous ly requires the production of a quantity 
of each type of mixture which depends on the 
dimensions of the Banbury mixer, regardless of the 

25 production requirements of the tyre building system. 
In other words, it is impossible to achieve the 
requisite match between the mixture produced and the 
mixture required by the system in a discontinuous 
mixture supply system. 

30 However, this match can be achieved by means of a 

continuous mixture production process, which requires 
the use of extruder units which enable different 
mixtures to be formed by changing the ingredients of 
the mixture and/or their proportions in an automatic 

35 way, thus eliminating stages of storage of the 
produced mixtures and minimizing the wastage of 
material. In other words, by using a continuous 
production process, the different mixtures can be 
produced with an output which can be regulated 
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according to the production requirements of the whole 
process. In particular, the output <^n be regulated toy- 
varying certain process parameters, such as the 
filling factor of the extruder cylinder and the speed 



Additionally, the change of mixture takes place 
with the minimum wastage of material and without 
interruption of the continuous -supply to the said 
operating units. This is because the applicant lias 
10 found that the viscoelastic properties of the material 
being processed enable the extruder to toe emptied 
rapidly, owing to a pulling action exerted toy the 
outgoing material on the material still present in the 



15 A continuous mixture production process based on 



the low output of the extruder. This low output does 
not constitute a 



20 according to the present invention requires -that a 
plurality of different mixtures be produced in small 



quantities within each unit of time, without thereby 
limiting the output of the system as a whole. 

In a first aspect, the present invent i cm relates 
25 to a process for producing tyres in an automatic 



structural component on a tyre being produced, 
comprising the following stages: 
30 - continuously producing a plurality of differen 



supplying at least one of the said mixtures to 
each of the said operating stations, 
35 - making a plurality of the said structural 

components from at least one of the said 



9 



making a green tyre by depositing the said 
structural components on a toroidal support , 



WO 02/096630 PCT/EP02/05744 

5 • 

vulcanizing the said green tyre. 

Preferably, the said plurality of diffcecent 
mixtures is produced by at least one extruder unit. 

In particular, the said structural components 
5 comprise at least one continuous elongate element or 
at least one reinforced strip element. 

The said stage of making a green tyre comprises 
the stage of carrying out. a circumferential deposition 
of the said continuous elongate element on the said 
10 toroidal support. 

The said stage of making a green tyre comprises 
the stage of carrying out the deposition, on the said 
toroidal support, of lengths of the -said reinforced 
strip element in a direction perpendicular to an axis 
15 of rotation of the tyre. 

A further aspect of the present invention relates 
to a system for producing models of tyres which are 
different from each other, comprising: 

a unit for producing a plurality of mixtures, 
20 a building unit comprising a plurality of 

operating stations, each designed to assemble at 

least one corresponding structural -component on 

at least one model of tyre being produced, 

a vulcanizing unit, having vulcanizing moulds for 
25 the built tyres, 

characterized in that the said unit for producing a 
plurality of mixtures comprises at least one extruder 
unit, which continuously supplies at least one of the 
said operating stations with, at least one mixture 
30 suitable for making the said at least one structural 
component • 

Preferably, the said at Least one extruder unit 
comprises a pair of extruders arranged in sequence. 

The said structural components -comprise at least 
35 one continuous elongate element or at least one 
reinforced strip element. 

The system additionally comprises devices Cor the 
transfer and movement of .the tyres being produced, 
working among the said operating stations, these 
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15 



20 



25 



devices Seeing -capable of selectively moving .each model 
of tyre within one operating -station. 

A further aspect of the present invention 
to <a method for producing different models of 

a 



tyres in 



this method comprising- 



one corresponding structural component on at least one 
model of tyre being produced, 
the stages of: 

causing, in a 

sequential execution 

steps in the said operating units, according to 

one or more predetermined sequences of models of 



of 



processing unit., 
a plurality of operating 



to be made; 
identifying the model 
toroidal support supplied 



of tyre corresponding to a 



from a pr 
routines for each of the 



determined set of operating 



/ a 



iting 
model 



, from a 



from whi<ch the 
for the model 



said structural components are 
of tyre corresponding to the toroidal support in 



3 0 present 



invention are -set out in 

description, with reference to the attached 
whi-ch are provided solely for explanatory 
and without any restrictive intent, and which 



show: 



35 in Figure 



an exangpLe of a tyre made by the system 



1, 
to 

in Figure 2, an example of a layout of the system 
according to the present invent ion, indLcat*ed in a 
general way by the number 1. 
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Figure 1 shows in radial section the -generic 
structure of a model of tyre for vehicle wheels, made 
according to the present invention. 

In general, the said models of tyres comprise 
5 structural components which are preferably laid on top 
of each other during the stages of assembly of the 



components are conveniently engaged on a supporting 
10 member, preferably consisting of a toroidal support or 
drum whose profile essentially reproduces the internal 
configuration of the tyre to be produced. This 
toroidal support is made in such a way that it can be 
easily removed from the tyre on completion of the 
15 process. 



two types : 

- a first type of component is in the form of a 
continuous elongate element which is applied to 
20 the surface of the toroidal support which is 

rotated about its axis, in a -circumferential 
deposition mode; preferably, the said continuous 



25 elongate element is cut after it has been 



- a second type of structural -component is in the 
form of a reinforced strip element which is 
applied to the toroidal support, preferably in a 
30 radial deposition mode, directed towards -the axis 

of rotation of the toroidal 



of a 



• ■ 



textile or metallic cord element incorporated in 
35 a strip of elastomerio material which covers and 

holds together these cord elements . 
In particular, the model of tyre shown in Figure 
1 comprises an internally hollow toroidal structure , 
usually known as the oarcass, comprising a plurality 
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of structural elements assembled together, and having 
two beads, each formed along one of its inner 
■circumferential edges , for tixing the <tyre to a 
corresponding mounting rim. The said carcass 
5 comprises, firstly, at Least one carcass ply and at 
least one pair of annular reinforcing cores, called 
bead wires, which are circumferential ly inextensible 
and are inserted in the said beads, at least one bead 
wire being inserted in each bead. 
10 The carcass ply includes a supporting structure, 

comprising textile or metallic cords,, which has each 
of its edges a s soc i ated with a -corresponding bead 
wire, and which is axially extended from one bead to 
the other to form the said toroidal structure. 
15 ^ tyres of the -so-called ratiial type, the 

aforesaid cords lie essentially in planes which 
contain the axis of rotation of the tyre, or at a 
small distance therefrom. 

On the crown of this carcass an annular 
20 superstructure, known as the belt structure, normally 
consisting of one or more strips of rubberised fabric, 
radially superimposed on each other to form a so- 
called *belt package*, and a tread made from 
elastomeric material, wound around the belt package, 
25 impressed with a relief pattern for the rolling 
contact between the tyre and the road, are placed. Two 
sidewalls of elastomeric material, each extending 
radially outwards from the outer edge of the 
corresponding bead, are also provided on the carcass, 
30 in axially opposed lateral positions. 

In tyres of the type known as "tubeless* , i.e. 
those not requiring an inner tube when in use, the 
inner surface of the carcass is normally covered with 
a so-called ^liner", i.e. one or more layers of 
35 elastomeric material which is impermeable to air. 
Finally, the carcass can comprise other known 
elements, i.e. 

number and type of which depend on the specific model 
of tyre to be made. 
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It should be noted that:, for the purposes of the 
present description, the term tt =elastomeric material" 



denotes a rubber mixture in its 
assembly formed by at 
suitably amalgamated with 
process additives of various types. 

In particular, the section in 
radial sequence from the interior 
some of the structural elements 
namely a first liner layer 31 and a 
32, the ends of a first set of 
carcass ply 40, and -the ends of 
lengths of band 42 of the said 

The drawing also shows, in the 
bead, a first bead wire comprising 
61, and a second bead wire 
cords 62 . In the crown area of the 
belt package comprising a first 
second belt strip 82, one on top of 
layer 91 of nylon cords 
completely covers the layers of 
layers 92 of nylon cords orientated 
only the edges of the belt strips. 

A tread 94 provided with a 
on top of the preceding layers. 

In the bead area there are also 



, i . <e * 



reinforcing fillers and/or 



Figure 1 shows, in 
to the exterior. 



lengths of band 41 of a 
a -second set of 

piy- 

area of the tyre 



comprising five turns of 



are a 

belt strip 31 and a 

, a 



0°, which 
a pair of 
at 0°, which cover 



base layer 93 is laid 



a first ^filler 



abrasion-resistant mixture 95 and a pair of fillers 



of 
9* 



located in the bead 
between the first lengths of band 41 and the 
lengths of band 42. and the other between the 
lengths of band 42 and the abrasion-resistant 
95. A pair of sidewalls 97, ra<iially extending 
the bead area to the shoul<ier area of the tyre, 
the carcass and come into contact with the 
edges of the tread 94. 

The de f ini t i on of the c r o s s sect i on of the 
structure defines the whole tyre, as it is a i 
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In the -example in Figure 1, the sidewalls, the 
the abrasion-resistant element, the under-J>elt 
strips, the liners and the various elastomeric fillers 
constitute the structural components of the first 
type, i.e. the continuous elongate elements; the 
carcass plies and the belt strips constitute the 
structural components of the second type, i.e. the 



Each model of tyre is essentially distinguished 
from the others by a set of physicochemical, 
structural, dimensional and visual characteristics, 
and by its specific performance characteristics, such 
maneuverability, comfort, adhesion in wet 

noise, etc. The physicochemical 
characteristics are essentially related to the type 
and composition of the materials, particularly to the 



of 

characteristics essentially 
of structural components 
their positioning with respect 



present in the tyre, 

to each other in the 



The dimensional characteristics relate to the 



25 profile of the tyre (external diameter, maximum chord 



width, sidewall height 
other words the section 



ratio) and will be sinjply 



referred to as ^measurement 
following text. The visual 



or "mea 



LBurements - in the 
character! sties typical ly 



30 comprise the grooving of the rolling surface of the 



on 
will 



the tyre, on the 



throughout the remainder 
imprecisely, as the *tread 
For the purposes of 
model of tyre is consi 



the present invention, a 
to be a tyre having a 
predetermined 
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components in its cross section, and a predetermined 

tread design. 

In a preferred embodiment, the radially deposited 

structural components are cut beforehand into lengths 
5 of specified sizes, while the circumferentially 

deposited components are cut after being wound on the 

toroidal support . 

Figure 2 shows an example of the tyre production 

system which comprises a building unit 2 for making 
10 green tyres, in which each tyre being produced is 

built by assembling its structural components in a 

predetermined sequence, a vulcanizing unit 3 in which 

each tyre arriving from the building unit 2 is 

vulcanized in a corresponding vulcanizing mould 34, 
15 35, 36, 37, 38, 39, and a mixture production unit 

which can supply the building unit with a plurality o£ 

predetermined mixtures from which the aforesaid 

structural components are made. 

The building unit 2 comprises a plurality of 
20 operating stations (5, 6, 7, 8, 9 in the exarpple in 

Figure 2) arranged consecutively along a building 

path, preferably in the form of a closed loop, 

indicated for guidance by the arrow 11 in the attached 

Figure 2 . The system also comprises at least one 
25 supply station, at least one temperature stabilizing 

device, and a plurality of waiting stations which are 

not shown in Figure 2 . 

The operating stations 5 , € , 7 , 8 , 9 can operate 

simultaneously, each on at least one tyre being 
30 produced. to mount at l«ast one of the tyre's 

structural components on to it. 

Different models of tyres can be processed 

simultaneously both in the building unit 2 and in the 

vulcanizing unit 3 • 
35 For the purposes of the present invention, 

"different models of tyres* means that the said models 

can differ from each other in their dimensional and/or 

structural and/or physicochemical and/or visual 

characteristics . 
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The tyres being produced ere distributed along 
the building unit 2 in such a way that the different 
models follow each other in a preset sequence. In the 
building unit 2 it is possible to provide, for 
5 example, a plurality of sequences, each ^consisting of 
different models of tyre, which advantageously follow 
each other cyclically, or sequences each of which 
advantageously consists of a tyre of a ^irst model 
interposed between two tyres of a second model , or 
10 sequences each of which consists of tyres all of the 
same model . 

Devices for the transfer and movement of tyres 
operate in the system, for the sequential transfer of 
each tyre being produced from one of the operating 

15 stations 5, 6, 7, 8, 9 of the building unit 2 to the 
next, and to the vulcanizing unit 3. The said devices 
also move the toroidal support during the depositing 
of at least one of the structural components . 

Preferably, these devices oomprise one or more 

20 robotic arms (Rl, R2, R3, R4, R5 in the exanple in 
Figure 1) , each of which is associated with at least 
one of the operating stations 5, 6, 7, 8, 9 of the 
building unit 2 and with the vulcanizing unit 3. These 
robotic arms are -such that each one can operate 

25 preferably on a single toroidal support to carry out 
the sequential transfer of each tyre being produced. 

The tyre building is carried out by moving the 
toroidal support and orientating it in space, and 
applying to it the structural components extruded for 

30 both circumferential and axial deposition. 

The said robotic arms advantageously support the 
said toroidal supports so that they project, in other 
words by gripping them at one side only at the 
position of the axis of rotation, thus enabling the 

35 various components to be deposited along the whole 
axial extension of the support which has a curvature 
with two inflections. 

A central processing unit controls the transfers 
along the said loop path 11 and determi*ies, within a 
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desired critical period, the number and composition of 
the said sequences of tyres. This unit can control the 
said transfer and movement devices in such a way as to 
coordinate the stages of production on each model of 
5 tyre in the building unit 2 and in the vulcanizing 
unit 3 . 

More particularly, in the illustrated embodiment 
there is a first robotic arm Rl which takes the 
appropriate toroidal support from the supply station 

10 and inserts it into the temperature stabilizing -device 
(neither of these is illustrated in Figure 2) . 

This device brings the toroidal support to a 
suitable temperature to permit the subse<juent 
operations, and particularly to promote the adhesion 

15 of the first layer of elastomeric material to the 
metal of the support. This temperature is preferably 
in the range from 80°C to 90°C. 

Preferably, the said first robotic arm Rl 
transfers the toroidal support from the temperature 

20 stabilizing device to the first operating station 5, 
where the first structural components of the tyre are 
assembled. The assembly operation can, for example, 
include the coating of the external surface of the 
toroidal support with a thin layer of air- impermeable 

25 elastomeric material, usually called the "liner*, 
carried out by a liner production unit SI, and the 
application of any necessary elastomeric strips in the 
areas corresponding to the beads of the tyre, carried 
out by the strip production unit 52 , and/or the 

30 formation of an additional layer of covering made Hi*rom 
elastomeric material and superimposed on the liner, 
carried out by the sub- liner production unit 53. 

Preferably, the formation of each structural 
component of the tyre is carried out at the first 

35 operating station 5, as at the remaining operating 
stations 6, 7, 8, 9, in conjunction with the 
previously described stage of assembly, by the 
processing of at least one basic semi -finished 
product, which is preferably identical for each model 
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of tyre, supplied in a predetea^mined quantity 
according to the model of tyre to be made. 

In particular, at the first operating station S 
the liner, the elastomeric strips and/or the 
5 additional covering layer can advantageously be 
produced by wrapping around the toroidal support in 
use, in consecutively adjacent turns whioh may be at 
least partially overlapping, at least one elongate 
element of elastomeric material, having a 

10 range from 0.5 to 3 cm, for exans>le 

directly from a corresponding extruder head, from a 
reel or from other suitable supply devices associated 
with the first operating station 5. 

The wrapping of the turns -can advantageously be 

15 simplified by making the first robot io arm Rl 
responsible for holding the toroidal support, by means 
of suitable pick-up and operating members, and causing 
it to rotate about its axis, by moving it across 



20 (not described) combined with the supply devices, in 
such a way that the elongate strip is correctly 
distributed along the external surface of the toroidal 



applying the structural components to a toroidal 
25 support with the aid of a robotio arm, reference 

should be made to International Patent Application 

WO0035666 in the name of the present applicant. 

On completion of the assembly of the components 

in the first operating station 5, the first robotic 
30 arm Rl sets down the toroidal support with the 



station. A second robotic arm R2 picks up the toroidal 
support from the said waiting station to transfer it 
to the next operating station (the second station 7 in 
35 the example in Figure 2) # where the structural 
components for the formation of the carcass structure 
of the tyre are assembled. 

More particularly, in the example in Figure 2, 
one or more caroass plies are formed and assembled at 
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the second ope rat ing station o, together with a pair 
of annular reinforcing structure in -the areas 
corresponding to the beads of the tyre. Each of these 
structural components is made directly during the 
5 assembly stage, by a supply unit, which generates a 
continuous strip- shaped element in a predetermined 
quantity according to the model of tyre being 
produced. 

For example, the carcass ply or plies can be 

10 formed by sequentially depositing on the toroidal 
support a plurality of lengths of strip cut 
individually from the said continuous starip element 
formed from a band of rubberized cords which ar^e 
parallel to each other. Each annular areinfor«cing 

15 structure -can in turn comprise a circumf erentially 
inextensible insert consisting, for example, of at 
least one metallic cord element wound in a plurality 
of radially super imposed turns, together with a filler 
insert of elastomeric material which -can be produced 

20 by applying an elongate elastomeric element wound in a 
plurality of axially adjacent and/or radially 
superimposed turns. 

For further explanations of the process for 
making the carcass structure, reference is made to 

25 European Patent Application EP 928^80 in the name of 
the present applicant. 

To facilitate the sequential assembly of the 
various structural components in the specified order > 
the second operating station H> is provided with at 

30 least three different operating units, one for 
depositing the lengths of strip, one for depositing 
the metallic cord element and one for depositing the 
elastomeric elongate element, each of which operates 
simultaneously on a corresponding tyre being produced. 

35 Consequently, three tyres, of different models if 
necessary, can be processed simultaneously at this 
operating station, each tyre being sequentially 
transferred from one operating unit to the next until 
the carcass structure is complete . The sequential 
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transfer the tyres to the different operating units 
can preferably be carried out by the second robotic 
arm R2, assisted if necessary by a further robotic arm 
and/or by any necessary auxiliary transfer devices and 
5 by a multiple waiting station (these are not shown in 
Figure 2), in which more than one toroidal support <:an 
be present simultaneously. This system -can minimize 
the waiting times when different models of tyres are 
produced in this operating station. 
10 . On completion of the carcass structure , the third 

robotic arm R3 picks up the support and carries it to 
the third operating station 7, at which the structural 
components forming the so-called belt 



15 operating station deposits, directly on the ^carcass 
structure formed previously, two under -belt strips 
extending circumf erentially in the shoul<3er areas of 
the tyre. These under-belt strips can be directly 
extruded by an extruder head and applied with the aid 
20 of pressure rollers or equivalent application devices. 
A second operating unit forms on the carcass structure 
a first and a second belt strip, each formed by 
sequential deposition of lengths of strip which are 
circumf erentially adjacent, each of which is formed by 
25 cutting to size a continuous strip element consisting 
of a plurality of cords lying parallel and adjacent to 
each other and incorporated in an elastomeric layer. A 
further operating unit forms a further belt strip by 
wrapping a continuous cord in turns which are axial ly 
30 adjacent to each other and radially superinposed on 

of a 

possible method of making the belt structure are 
described in International Patent Application O0WO- 
EP/ 11598 in the name of the present applicant. 
35 On completion of the belt structure, the fourth 

robotic arm R4 transfers the tyre being produced to 
the fourth operating station 8. At this operating 
station, a tread is applied to the toroidal support, 
this tread being produced by wrapping at least one 
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further elastomeric strip element in consecutively 
adjacent and overlapping- turns until a tread of the 
desired shape and thickness is produced . At this 
station abrasion-resistant element's are similarly 
5 applied in the areas corresponding to the beads, and 
the sidewalls are applied, the latter being produced 
by winding at least one elastomer ic <strip in adjacent 
and/or overlapping turns. 

On completion of this operation, the fourth 

10 robotic arm R4 deposits the built tyre on the terminal 
waiting station from which it will be transferred to 
the vulcanizing unit 3. 

The vulcanizing unit 3 advantageously comprises 
at least one set of vulcanizing moulds 34, 3S, 3*6, 37, 

15 38, 39, the number of these being ^equal to the 
quantity of tyres included in the said sequence of 
tyres being produced in the building unit 2 . In the 
illustrated example, there are six vulcanizing moulds 
34, 35, 3€, 37, 38, 39, each corresponding to the 

20 dimensions of one of the models of tyre built in the 
building unit 2 . 

Preferably, the moulds 34, 35, 36, 37, 38, 39 a.re 
mounted on a rotating platform 30 which can be rotated 
with a s tep-by- s t ep motion , in such a way that the 

25 moulds are made <to follow . a pa*th within the 
vulcanizing unit 3 which brings them sequentially, one 
after another, to a loading -discharge station 40 for 
the tyres being produced- This rotation preferably 
takes place in the form of a first rotation in a first 

30 direction of rotation and then a rotation in a 
direction opposite the fiarst. Alternatively, this 
rotation can be in the form of a closed loop . 

Each of the moulds 34, 35, 36, 37, 38, 39 is 
supplied with pressurized steam through a 

35 corresponding connecting duct (not shown) extending 
radially from a central column in which steam supply 
devices, consisting, for example, of a boiler are 
incorporated or otherwise connected: The whole 
rotating platform 30 can advantageously £*e enclosed in 
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an insulated structua^ having at least one access 
aperture located at the loading-discharge station 40, 
in such a way that excessive dissipation of heat to 
the exterior is prevented. 
5 Advantageously, the transfer of the individual 

tyres being produced into the corresponding moulds 34, 
35, 36, 37, 38, 39 is carried out by the robotic arm 
R5 at a rate equal to the rate of completion of the 
green tyres being produced in the operating stations 
10 distributed on the path through the building unit 2. 

More particularly, in the illustrated embodiment , 
there is a first robotic arm Rl, which can be movable 
along a guide structure 19, in case, and which 
operates between the building unit 2 and the 
15 vulcanizing unit 3, to pick up a finished tyre from 
the latter and transfer it to the *i€th operating 
station 9, where the tyre is removed from the 
corresponding toroidal support. 

The toroidal support A extracted from the tyre is 
20 then transferred from the fifth operating station S, 
by means of the first robotic arm R5, to the 
temperature stabilization device. 

The method o f treat ing the individual tyres on 
the path through the building unit 2 is such that a 
25 structural component can advantageously be deposited 
regardless of whether another component has been 
completed on the immediately preceding tyre being 
produced. The system is characterized in that the 
structural components of the tyre are prepared 
30 essentially at the time when they are deposited, 
making it possible to operate in the absence of 
previously stored semi-finished products, and to 
immediately adapt each unit to the model of tyre being 
produced, thus avoiding wastage of material. 
35 Each of the operating stations €, 7, 8, 9 is 

provided with one or more operating units, and also 
comprises feed devices for supplying the mixtures 
, required for making the corresponding structural 
components, operating in combination with application 
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devices present in the aforesaid units, which a£g>ly 
the mixtures and/or the resulting structural component 
to the tyre being produced. Further details of the 
tyre production system are described in the copending 
5 patent application No. 99EP-123#60 . 1, in the name of 
the present applicant. 

These mixtures are produced in a mixture 
production unit 9, which comprises at least one 
extruder unit, preferably a plurality of extruder 

10 units (91, 92, 93 and 94 in Figure 2) which can mix 
elastomeric materials with the other components of the 
mixtures (reinforcing fillers, plasticizers, 

vulcanizing agents, accelerators, etc.), each of which 
is directed to the production of a specific type of 

15 mixture or a group of mixtures of different types. 

Using a plurality of -extruder groups i91, 92, 93 
and 94), although it increases the -complexity of the 
system, makes it possible to achieve a greater 
flexibility in the production of the mixtures, since 

20 each extruder unit is dedicated to the production of a 
limited number of different mixtures. Zt is also 
possible to adapt the configuration of the individual 
extruder unit in this way to the specific mixing 
requirements which characterize -each type of mixture, 

25 with a consequent improvement in the quality of the 
mixture produced. 

In the example in Figure 2, each of the extruder 
units 91, 92, 93 and 94 preferably comprises a pair of 
extruders, arranged in sequence in such a way that the 

30 elastomeric material processed in a first .extruder is 
supplied to the input of a second extruder . 

Alternatively, each extruder unit can consist of 
a single extruder, in which the -complete mixture is 
produced . 

35 Each extruder preferably has a pair of screws 

fitted in a cylinder, which is provided with at least 
one feed hopper and an aperture for discharging the 
mixture produced. The pair of screws, preferably 
arranged with interpenetrating threads and co- rota ting 
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within the cylinder, exerts a masticating action on 
the elastomeric material and incorporates and 
homogenizes the other components of the mixture in 
this material, in order to produce an elastomeric 
5 material having predetermined characteristics. 

Preferably, the said first extruder is used to 
prepare a compound, i.e. a mixture without heat- 
sensitive components, particularly vulcanizing agents 
and accelerators. Thus the mixing conditions 

10 (particularly the temperature) can be adjusted in such 
a way as to provide optimal dispersion of the 
reinforcing filler in the elastomeric material. The 
compound is then sent to the second extruder for the 
completion of the mixture by addition, incorporation 

15 and homogenization of the heat- sensitive agents, 
particularly vulcanizing agents and accelerators. 

As is known, an elastomeric mixture for producing 
tyres comprises a base elastomeric material, which 
includes at least one diene elastomeric polymer, at 

20 least one reinforcing filler (usually carbon black, 
silica or mixtures of these) and a series of so-called 
"minor ingredients " , which are added in small 
quantities to the mixture and whose weight generally 
does not exceed 5% of the total weight of the mixture. 

25 Examples of minor ingredients are vulcanizing agents 
(particularly sulphur or sulphur donors) , vulcanizing 
accelerators, vulcanizing retardants, antidegradants , 
antiozonants, antioxidants, cross-linking modifiers, 
adhesion promoters, silica bonding agents , 

30 stabilizers, resins, inhibitors, catalysts, etc. 
Plasticizers such as aliphatic and/or aromatic oils, 
waxes, and the like are also usually added to the 
mixture in order to improve the workability of the 
elastomeric material. 

35 Preferably, the first extruder is supplied with 

at least one elastomeric polymer, preferably in 
subdivided form, with the reinforcing filler -and, in 
case, with at least one plastici^er. The non-heat- 
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sensitive minor ingredients, usually in the form of 
solids or liquids, are also added. 

The compound produced in the first extruder i-s 
then preferably filtered and granulated before being 
5 supplied to the second extruder, where the mixture is 
completed. 

The various ingredients can be supplied by batch 
feeders, particularly gravimetric batch feeders. 

One type of mixture produced by an extruder unit 

10 is used, for example, by certain operating units of 
the building unit, while another type of mixture, 
produced in another extruder unit, is used by other 
operating units of the building unit. Sach structural 
component is formed in the operating unit according to 

15 a predetermined operating specification, which 
determines, in addition to the other characteristics 
of the component, the recipe for the mixture to be 
produced and used for the component in -question. 

Each extruder unit is advantageously capable of 

20 producing at least one type of predetermined mixture. 
This is because, in a system such as that described in 
the example of Figure 2, different models of tyres can 
be made in the same operating cycle. The models of 
tyres differ from each other not only in that they 

25 comprise different structural components , -but also in 
that they have equivalent structural components formed 
from different mixtures . 

Therefore, in a tyre production sequence which 
comprises different models which require, for exan$>le, 

30 different mixtures for the same structural component . 
it is necessary to carry out at least one change of 
the mixture produced by at least one extruder unit. 
The change of the mixture produced requires different 
proportions of the ingredients of the mixture. Since a 

35 continuous production process is used, the change of 
mixture is carried out with minimum wastage of 
material and without interruption of the continuous 
supply to the said operating units . The applicant has 
found that the filling capacity of the extruder is 
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limited and that the viscoelastic properties of the 
material being processed allow the extruder to be 
rapidly emptied because of a pulling action exerted by 
the outgoing material on the material still present 
5 within the extruder. 

As mentioned above, different structural 
components generally require different mixtures . in 
general, the structural -components consisting of 
reinforced strip elements, such as the carcass plies 

10 and the belt strips, require the use of a t^>e of 
mixture! having different characteristics from those of 
the type of mixture used for structural components 
consisting of continuous elongate elements, such as 
the tread strip and sidewalls. Additionally, even 

15 within the same category of continuous elongate 
elements or reinforced strip elements, some structural 
components require the use of specific mixtures. For 
example, the mixture used for the tread is different 
from the mixture used for the sidewalls. 

20 For example, the following table shows the 

compositions of mixtures suitable for making the 
sidewalls, tread and carcass plies, which can be 
produced by different extruder units operating in 
parallel and each consisting of two extruders in 

25 series. The compositions are shown in ^hr*, i.e. 
parts by weight per 100 parts by weight of the 
elastomeric base material. 



1 SIDEWALIi MIXTURE 


phr 


- 


| Natural rubber <STR 20) 


50 


First 
extruder 


| BR (polybutadiene Buna® Cis-132 
J Bayer) 


50 




I Carbon black N660 


SO 


< 


| Zinc oxide 


3 




Wax 


2 

* 




Stearic acid 


2 




Sulphenamide (TBBS) 


0.8 


Second 

< 

extruder « 


| Sulphur 


i.s ; 




| N-cyclohexyl thiophthalimide (PVI) 


0.3 




H Antioxidant (6PPD) | 


2.S 
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Total parts by weight 
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1 TREAD MIXTURE 




« 


phr 




Q Styrene-butadiene copolymer 
JSR) 


(HP- 7 52 




70 


« 


First J 
extruder J| 


BR (polybutaciiene Buna® < 
Bayer) 


:is-132 




30 


1 

J 


Silica (Zeosil® 1165 - Rhone- 


-Poulenc) 




65 




Aromatic oil 






7 


< 


| Bonding agent : 
bis- (3- ( triethoxysilylpropyl) 
sulphide) 


-tetra- 


■ 

- 

V. 


10 


a 

■ 

< 


Wax 


1.5 ■ 




Stearic acid 


2 


1 


Zinc oxide 


2.5 


V 


Second I 
extruder 1 


Diphenyl-guanidine 






1 




1 


( Sulphenamide (CBS) 




V 


2 


■ 




| Sulphur 


1.2 






I Antioxidant (6PPD) 






2 




|| Total parts by weight 






194.2 





| CASING PLY MIXTURE 


phr 


« 




1 Natural rubber (STR 20) 


* 

« 


100 

r 


First 
extruder \ 


I Carbon black N375 


Ik 


60 


* 


J Aromatic oil 




7 


- 


K Zinc oxide 


3.5 




j 


0 Stearic acid 




2 




| Sulphenamide (DCBS) 




1.3 




Second 
extru<ier 


1 Sulphur 




2 






Antioxidant (6PPD) 




2 


— ■ 





Total parts by weight 


177.8 


» 





Each of the structural components consisting of 
5 reinforced strip elements, such as the carcass plies 
and the belt strips , conprises a band of cords, 
parallel to each other, embedded in an elastomeric 
mixture. This band is formed in a £eed unit to which 
is supplied the mixture required for cover ing the 
10 cords and forming the said band. 

The different mixtures produced are supplied 
directly to the operating units in each operating 
station. In particular, the operating units which 
deposit structural components consisting of continuous 
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elongate elements are directly sullied with the 
mixture produced by an extruder unit. An application 
device of the operating unit generates from this 
mixture the continuous elongate element which is 
5 applied by circumferential deposition to the toroidal 
support . 

Each of the operating units which deposit 
structural components consisting of reinforced strip 
elements also comprises a feed unit, which generates 
10 the said continuous strip element in a predetermined 
quantity according to the model of tyre to be made. 
This feed unit is supplied directly with the mixture 
produced by an extruder unit. 

Additionally, the operation of each of the 

15 operating units provided in the individual operating 
stations 5, 6, 7, 8, 9, It), and that of each of the 
robotic arms, i-s controlled by a programmable local 
processing unit in which the production specifications 
for the structural components are preferably stored. 

20 This unit controls appropriately the quantity of base 
semi- finished products supplied, and the movement 
imparted to the toroidal support, to ensure the 
correct formation of the individual structural 
components of the tyre being produced, in particular, 

25 this local processing unit can be programmed in such a 
way that the operation of the operating units of the 
robotic arms is adapted to the model of tyre which is 
processed from time to time in each individual 
operating station. 

30 Additionally, in order to impart the system a 

higher operational flexibility, without constraints 
due to predetermined sequences of different models of 
tyres, it is preferable to associate each of the 
operating stations 5, 6, 7, 8, 9 with devices for 

35 identifying the model of tyre being produced, 
interacting with selection devices to determine the 
recipe and the quantity of the mixture to be used for 
forming each structural component at the operating 
station in question. For example, these identif ication 
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devices can advantageously comprise a rea<ler ot <bar 
codes or other types of code associated with the 
toroidal support of the tyre which "can be identified 
by the local processing unit, using suitable reading 
5 devices, in order to determine the -selection of the 
quantity of semi -finished product, for example by 
using predetermined tables of values. 

When a tyre is transferred to any one of the 
operating stations 5, 6, 7, 8, 9, lO, the bar code 

10 reader identifies the model to which the tyre belongs, 
enabling the local processing unit to set the 
appropriate operating program for the said operating 
station, in addition or as an alternative «to the 
instructions received from the central unit. 

15 In general, the specifications for each 

structural component to be made, these specifications 
including the recipe for the specific mixture to be 
produced, are sel-ected, preferably in this local 
processing unit, on the basis of a production -request 

20 comprising the number of models of tyre to be 
produced, and, for each model, the number of tyases to 
be produced. Further details of this local processing 
unit are described in the copending patent application 
No. OOEP-830385.1 in the name of the present 

25 applicant. 

Thus the whole system is supplied exclusively 
with raw materials, without the need to transfer semi- 
finished products , such as the mixtures , which have 
been made previously and stored elsewhere, and this 

30 provides a significant saving in transport costs and a 
considerable simplification of the logistics of the 
production process as a whole. 

The movement of the tyres being produced is 
advantageously controlled in the form of a continuous 

35 flow in which the building unit 2 is directly 
connected to the vulcanizing unit 3, causing t.he 
individual tyres to be transferred sequentially at a 
rate equal to the rate of completion of the tyres in 
the complex building unit 2, thus advantageously 
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eliminating the need to accumulate gram t:yrces in 
storage buffers provided between the complex building 
unit and the complex vulcanizing unit. 

Since the assembly sequence of the various 
5 structural components can be varied according to the 
model of green tyre to be made, the mean building t:ime 
can be matched to the vulcanization time. 
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1. Process for producing tyres in an automatic 
system comprising a plurality of operating 
(5, 6, 7, 8, 9), each designed to assemble at le< 



one corresponding structural component on a tyre 
produced, 

comprising the following stages: 

continuously producing a plurality of -different 
mixtures, each comprising at least 
elastomeric material, 

supplying at least one of the -said mixtures 
each of the said operating stations, 
making a plurality of 
components from at 



to 



making a green tyre by depositing 
structural components on a toroidal 
vulcanizing the said green tyre. 
Process according to Claim 1, in which the 

of different mixtures is produced by 



in which the said 



in which the said 



3. Process according to Claim 1, 
structural components comprise at 
elongate element. 

4. Process according to Claim 1, 
structural components comprise at 
strip element. 

5. Process according to Claim 3, in which 
stage of making a green tyre conpri-ses the 
carrying out a circumferential deposition of 
continuous elongate element on the said 
support . 

6. Process according to Claim 4, in which 
stage of making a green tyre comprises the 
carrying out the deposition, on 
support, of . lengths of the said reinforced 
element in a direc 
rotation of the tyre 



said toroidal 
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7 . System for producing models of lyases which are 
different from each other, comprising: 

a unit, for producing a plurality of mixtures, 
a building unit <2) conjprising a plurality of 
5 operating stations (5, G, 7, 8, 9), each designed 

to assemble at least one corresponding structural 
component on at least one model of tyre being 
produced, 

a vulcanizing unit 43) , having vulcanizing moulds 
10 (24, 25, 26, 27, 28, 29) for the built tyres, 

characterized in that the said unit for producing a 
plurality of mixtures comprises at least one extruder 
unit, which continuously supplies at least one of the 
said operating stations with at least one mixture 
15 suitable for making the said at least one structural 
component . 

8 . System according to Claim 7 , in which the said at 
least one extruder unit comprises a pair of extruders 
arranged in sequence. 

20 9. System according to Claim 7, in which the said 
structural components comprise at least one -continuous 
elongate element . 

10. System according to -Claim 7, in which the said 
structural components comprise at least one reinforced 

25 strip element. 

11. System according to Claim 7, additionally 
comprising devices for the transfer and movement of 
the tyres being produced between the said operating 
stations (5, 6, 7, 8, 9), these devices being capable 

30 of selectively moving each model of tyre within one 
operating station . 

12. Method for producing different models of tyres in 
an automatic system comprising a plurality of 
operating units, each designed to assemble at least 

35 one corresponding structural component on at least one 
model of tyre being produced, this method comprising 
the stages of: 

causing, in a central processing unit, the 
se<juential execution of a plurality of operating 



BNSDOCtD: <WO ; 02O9663C* 1 _!_> 



WO t)2/096630 PCT/EP02/05744 

29 

steps in the said operating unit-s, according to 

one oar more predetermined sequences of models of 
tyres to be made; 

identifying the model of tyre corresponding to a 

5 toroidal support supplied to each of the said 



* 



selecting, from a predetermined set of operating 
routines for each of the said operating units, a 
specific routine for depositing the said 

10 structural components for the model of tyre 

corresponding to the toroidal support in use; 
selecting, from a predetermined set: of mixture 
recipes for each of the said operating units , the 
specific recipes for the mixtures from which the 

15 said structural components are made for the model 

of tyre corresponding to the toroidal support in 
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